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Abstract

So far, no scientific study has been conducted on the impact of economic openness on energy efficiency in selection of
developing countries. In this research, the impact of economic openness on energy efficiency in selection of developing
countries has been investigated. In this regard, the present article has answered the question of what is the effect of
openness of the economy on energy efficiency. By removing countries with incomplete information, the sample is selected
for 24 countries out of a total of 87 developing countries. The data and variables related to the sample in this study are
annual and due to the lack of data before 2013 and after 2020, the statistical data used in the period (2013t02020) are
included. The econometric method used in this study the Generalized Method of Moments (GMM).The results of the
study showed that the trade openness index has a positive effect on energy efficiency and has the greatest impact on other
variables of the model. Also, inflation rate, natural resource rent, and population growth rate have a negative effect and
variable the education index also has a positive effect on energy efficiency, which is in accordance with the theoretical
foundations of the research.
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1. INTRODUCTION

Today, most countries in the world have a special
view on improving productivity as one of the best
sources of economic growth and make large
investments to improve productivity [1]. Considering
that energy efficiency is a subset of partial
productivity indicators, first, it is necessary to state
the productivity indicators, which are part of the
production factors. In productivity literature,
productivity indicators are obtained as a part of
dividing the value added by the value of a given input.
Therefore, energy efficiency includes the ratio of
added value to the amount of energy consumed,
which represents the average added value produced
per unit of energy consumed [2].

Foreign trade can provide reasons for the growth
of energy efficiency in various ways, including
increasing the rate of technological changes, since the
results of technological changes are reflected in the
energy efficiency index, therefore, energy efficiency
can be it was used as an indicator. Several hypotheses
have been proposed in the majority of factors
affecting productivity, especially factors related to
foreign trade. Some economists believe that the
intensification of import competition causes
companies to use more innovations to stay on the

scene. Some others argue that frequent contacts of
exporting companies with international markets
facilitate the absorption of new technology [3, 4].

Some researchers examine the effects of foreign
trade or economic openness on energy efficiency
from the point of view of "overflow" of technical
knowledge resulting from the contacts that different
countries establish in the form of the exchange of
tradable goods. The effect of this type of head is
reported to be positive and significant [5, 6].

Some others pay attention to the effects of foreign
trade or economic openness from the perspective of
"competition" and the general argument is that the
more open the economy is to international markets,
the more intense the competition. Therefore, the
effect of this type of competition has been reported to
be positive and significant [7, 8].

This study seeks to measure the effect of
economic openness on energy efficiency in the field
of policymaking for the future selection of
developing countries in different economic, social,
and political conditions and which macroeconomic
variables have an effect on energy efficiency In this
regard, the hypothesis of the present research is: the
openness of the economy has a positive and
significant effect on energy efficiency in the selected
countries and what will be the major goals for
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improving energy efficiency is raised as the main
concern of this study.

This study intends for the first time, by using the
econometric model of the Generalized Method of
Moments (GMM) during the years 2013 to 2020, the
impact of economic openness on energy efficiency in
24 selected developing countries including Iran!. to
pay attention and review; In this regard, the
hypothesis of the present research is: the openness of
the economy has a positive and significant effect on
energy efficiency in the selected countries. Therefore,
the variables used in the energy efficiency model are
dependent variables and the trade openness index,
inflation rate, natural resource rent, education index,
and population growth rate as control variables.

The organization of this part of the research will
be as follows: the first part is the introduction, the
second part is the research background, the third part
is the introduction of the research model and
estimation method, the fourth part is the experimental
findings and interpretation of the results and finally,
in the final section, conclusions and discussion are
Reviewed.

2. MATERIAL AND METHOD

In this study, emphasizing the energy efficiency
equation provided by Ganda (2019) and Albolescu et
al. (2020), the following general model has been
designed and used [9, 10].

Ln(EF;;) = Bo + P1.Ln(EF;p_1) +

B2.Ln (TRO; ) + B5. Ln(INF; ) +

By Ln(RNR;) + Bs. Ln(EDU,,) + 1
Bo-Ln(POP; ;) + €

All variables are entered into the model
logarithmically.Variables used in the estimation
model: EF;; energy efficiency (ratio of GDP per
capita (the constant price of US base year) to
renewable energy consumption (percentage of total
final energy consumption)) of country i in period t; as
a dependent variable and i and t mean the period
observation unit and it indicates that the energy
efficiency index is uninterrupted and the variable
with its interruption iSEF;;_jas a predetermined
variable for It is an investigation of the dynamics and
convergence of energy efficiency and t-1 indicates
the degree of intermittent ness of this
index. TRO; ;Trade  openness index (annual
percentage) of country i in period t; INF;; inflation
rate (annual percentage) of country i in period
t; RNR; ; natural resource rent (annual percentage) of
country i in period t; EDU;, education index
(proportion of people aged 15 and over) of country i
in period t; POPi.t population growth rate (annual
percentage) of country i in period t and &i.t error

!, Afghanistan, Argentina, Uruguay, Ecuador, Iran, South Africa,
Bahrain, Bulgaria, Belarus, Brazil, Thailand, Turkey, Jamaica,
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component. Also, Bg.B1-B2.Bs.Bs-Bs-Bs are the
coefficients of the independent sample variables that
need to be estimated.

Information related to data on the inflation rate,
natural resource rent, education index, and growth
rate from World Development Indicators (WDI) data
and trade openness index from Fraser Institute and
energy efficiency from data available in Statistical
Review of World Energy (BP) has been extracted.
The data and variables related to the sample in this
study are annual and include the period (2013 to
2020). Since the statistical data were incomplete in
some countries, among the 87 developing countries
according to the World Bank classification, after
removing the countries with incomplete information,
finally, the sample was estimated for 24 countries.

3. Results and Discussion

The main purpose of this study is to the effect of
economic openness on energy efficiency in a
selection of developing countries during the period
2013-2020. To analyze the subject; the model GMM
and the co-integration method have been used to
determine the existence of short-term and long-term
relationships between variables.

Therefore, the application of the convergence unit
root test in panel data is necessary and necessary to
ensure the accuracy and validity of the results. Then,
Kao's method (1999) was used to examine the
integration test in this study [11]. This test is
performed using the statistics of DF and ADF unit
root tests. The null hypothesis in this test is the
absence of co-accumulation and the opposite
hypothesis is the existence of co-accumulation
between the variables of the model. To ensure the
choice between panel methods and pooled data, F
Limer statistic is used. The null hypothesis of this test
indicates that each cross-section has the same origin
(necessary to use consolidated data) and the opposite
hypothesis refers to the inhomogeneity of width from
the origin of each cross-section (necessary to use
Panel data).

After performing the Chow (F limer) test, if the
cross-sectional fixed effects model was selected, the
Hausman test was used to select the data testing
method from the two methods of fixed effects and
random effects. In the Hausman test, the null
hypothesis means that there is no relationship
between the disturbance component related to the
width from the origin and the explanatory variables
and they are independent of each other, while the
opposite hypothesis means that there is a relationship
between the disturbance component and explanatory
variables are correlated and in such a case we face the
problem of distortion and inconsistency. Therefore, if

Romania, Russia, Chile, Colombia, Latvia, Lithuania, Malaysia,
Mauritius, Mexico, Nigeria and, Venezuela.
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the null hypothesis is rejected, the fixed effects
method is used. Arellano and Bond autocorrelation
test was used to check the correlation between the
disturbance sentences and whether the generalized
moment's method (GMM) was chosen correctly or
not. Finally, the model is estimated using the GMM
method.

4. Conclusions

The results of the estimation of the research model
showed that the logarithm variable of the trade
openness index has a positive and significant
coefficient on energy efficiency. The variable of the
logarithm of the inflation rate has a negative and
significant coefficient. With the increase in inflation,
the profitability of production activities decreases,
which results in the adjustment of the labor force and
the increase in unemployment. The variable of the
logarithm of rent of natural resources has a negative
and significant coefficient. So it can be said that
increasing the rent of natural resources reduces
energy efficiency. The logarithm variable of the
education index has a positive and significant
coefficient. Training in the production sector can be
created by increasing technology and productivity in
production factors and as a result productivity and
product improvement, which in turn can lead to an
increase in energy efficiency. The logarithm variable
of the population growth rate has a negative and
significant coefficient. It is obvious that the
increasing world population has increased the need
for energy consumption; As a result, due to human
activities, environmental pollution has increased.
Therefore, the population growth rate resulting from
human activities can hurt energy efficiency.
Therefore, according to the results obtained from the
research, the following can be presented as policy-
proposal solutions to increase the use of the economic
openness index to improve energy efficiency:
According to the results of the present research, since
the index of trade openness has a significant effect on
increasing energy efficiency compared to other
variables examined in the model, developing
countries should have the opportunity for the
presence of foreign financial institutions, including
amending laws. and internal regulations, facilitating
the business environment, creating investment
security, and creating effective incentives to attract
foreign investors to participate in financial markets
(such as more competition in financial services, use
of new financial tools, development use of
information and communication technology) so that
their economy moves towards trade liberalization,
which results in increased energy efficiency and
communication with the world.

Given that increasing energy efficiency can prevent
future problems in determining the population
growth rate, the political recommendation is that
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governments should increase investment in the
energy sector, especially energy efficiency,
considering the favorable geographical conditions of
each of the developing countries. That this work will
cause the employment of the labor force and reduce
unemployment, and will ultimately bring economic
growth in the future.
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Abstract

So far, no scientific study has been conducted on the impact of economic openness on energy efficiency in selection of
developing countries. In this research, the impact of economic openness on energy efficiency in selection of developing
countries has been investigated. In this regard, the present article has answered the question of what is the effect of
openness of the economy on energy efficiency. By removing countries with incomplete information, the sample is
selected for 24 countries out of a total of 87 developing countries. The data and variables related to the sample in this
study are annual and due to the lack of data before 2013 and after 2020, the statistical data used in the period
(2013t02020) are included. The econometric method used in this study the Generalized Method of Moments
(GMM).The results of the study showed that the trade openness index has a positive effect on energy efficiency and has
the greatest impact on other variables of the model. Also, inflation rate, natural resource rent, and population growth
rate have a negative effect and variable the education index also has a positive effect on energy efficiency, which is in
accordance with the theoretical foundations of the research.
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